The effect of a programme of resistance training on central blood pressure (BP) and arterial stiffness was studied in 17 men and women aged 65-78 years. Following 20 weeks of training, central systolic and diastolic BPs were significantly reduced by 6 and 3 mm Hg, respectively, with little change to systemic arterial stiffness. Overall, resistance training as a sole exercise intervention conferred clinically significant reductions in central BP.
Ageing is associated with a number of changes in the cardiovascular system including an increase in large artery stiffness, 1 which gives rise to an increased brachial systolic blood pressure (SBP) and a widened pulse pressure, which may be the precursor to isolated systolic or essential hypertension. 2 Regular aerobic exercise training is known to reduce large artery stiffness 1, 3 and to result in small reductions in brachial BP, 4 but less is known about the haemodynamic effects of resistance training in older adults.
A recent meta-analysis concluded that moderate intensity resistance training may be useful to prevent and combat high BP, although the authors suggested that more studies were needed on the cardiovascular effects of resistance training. 5 Owing to the pressure wave reflection, there is an increase in pulse pressure moving from the heart to the peripheral arteries, meaning that brachial artery pressures may not provide an accurate measure of the pressure load on the heart. Central (ascending aortic) blood pressures are likely to have more significance and they have been associated with clinical outcomes independently of brachial BP. 6, 7 The effect of resistance training on arterial wave reflections and central BP in older adults has never been investigated and was the purpose of this pilot study.
Seventeen healthy community-dwelling older men (n ¼ 12) and women (n ¼ 5) (69.674.7 years; body mass index (BMI) 25.872.7 kg/m 2 , mean7s.d.) participating in a 20-week high-intensity resistance training programme served as subjects. Participants were free of musculoskeletal, neurological or cardiovascular disorders that would inhibit their participation in resistance exercise and none were taking vasoactive medication. Subjects underwent training twice per week and performed either a single set (n ¼ 8) or three sets (n ¼ 9) of seven upper and lower body exercises at an intensity of eight-repetition maximum. 8 Brachial BP was measured at the dominant arm in triplicate (HEM-705CP, Omron Corporation, Kyoto, Japan). Central BP and indices of arterial stiffness were determined by pulse wave analysis (SphygmoCor, AtCor Medical, Sydney, NSW, Australia). 7 Only waveforms of high quality (i.e. pulse height and diastolic variation o5 mm Hg) were used. Measurements were made with subjects in the supine position after a 10-min rest. Systolic augmentation (Aug) was defined as the difference between the second and first systolic peaks, and the augmentation index (AIx) is Aug/pulse pressure (PP) Â 100 and is a marker of systemic arterial stiffness. Estimated aortic pulse wave timing (T R ) was assessed by the time between the foot of the pressure wave and the inflection point. Pulse pressure amplification was calculated as the ratio of the peripheral pulse pressure to the central pulse pressure (PPP:CPP). The coefficient of variation for replicate measures of central systolic and diastolic BP is 2.7 and 5.3%, respectively, and 6.7% for AIx.
As there were no differences between the two exercise groups at the baseline and after the intervention for any haemodynamic variable, the groups were pooled to increase statistical power. Whole body muscle strength increased by 26713% (Po0.001) following training with no change in the body mass. Age was significantly (Po0.05) associated with brachial and central SBP (r ¼ 0.563 and 0.624), brachial and central PP (r ¼ 0.590 and 0.588), but not to AIx or diastolic pressures.
Peripheral and central haemodynamics are presented in Table 1 . Central systolic BP and diastolic BP (DBP) at rest were significantly (Po0.05) reduced after training by 6 and 3 mm Hg, respectively, representing a moderate effect size. There was also a significant (Po0.05) decrease of 3 mm Hg in brachial DBP, whereas the 5 mm Hg reduction in brachial SBP approached significance, both changes represented a moderate effect size. In multiple regression analysis, with age, gender, type of training programme and change in brachial blood pressures entered into the model, brachial SBP and DBP were independent predictors (Po0.001) of change in central SBP and DBP, respectively. There was a non-significant trend for a reduction in mean arterial pressure after training (pre, 9777; post, 9379 mm Hg; P ¼ 0.056). AIx was not significantly changed; however, there was a trend for a reduction in systolic augmentation. There was no significant change in resting heart rate or T R .
Six participants had a resting brachial SBP4140 mm Hg. When we compared these subjects with the other participants, there was no difference for change in the brachial or central BP or AIx. Regarding medication usage, the average medication usage was 1.171.1 (range, 0-3), with no subjects using hypertensive medication and six participants not taking any medication. When comparing participants taking medication with those not taking medication for change in BP or AIx, there were no differences.
The primary finding of this study was that central SBP and DBP and brachial DBP were significantly reduced following resistance training. This occurred in the absence of significant change to the mean arterial pressure, resting heart rate or systemic arterial stiffness, and suggests that resistance training is beneficial to cardiovascular health in elderly individuals.
As heart rate and systemic arterial stiffness did not change, and that it would be unlikely for cardiac output to decrease following training, it is possible that exercise may have reduced peripheral vascular resistance thus lowering the intensity of the reflected pressure wave and attenuating the secondary systolic peak in the central pressure waveform. As we did not measure peripheral vascular resistance, this is only speculative. Nonetheless, exercise is known to increase nitric oxide (NO) production in peripheral arterial beds possibly owing to the increases in vascular sheer stress leading to NOdependent vasodilation. 9 In addition, endothelial dysfunction may be improved by an exercise training programme via upregulation of endothelial NO synthase protein expression and increased bioavailability of NO. 9 As ageing also results in impaired endothelial function, exercise training may enhance endothelium-dependent vasodilation in older persons.
In contrast to the beneficial effects of resistance exercise on central BP, we observed no significant change in our measures of systemic arterial stiffness or pulse wave timing. Although aerobic exercise has been associated with an increase in central arterial compliance, 3 these relationships have not been observed for resistance training, with Miyachi et al. 10 reporting that 4 months of resistance training reduced arterial compliance in young adult men, and that resistance-trained middle-aged men have reduced arterial compliance. 11 Similarly, CortezCooper et al. 12 recently reported increased arterial stiffness in young women following 11 weeks of resistance training. It may well be that resistance training is not an effective exercise mode to significantly reduce central large artery stiffness in middle-aged and older persons as ageing-induced structural alterations in the vasculature (i.e. collagen accumulation and calcium deposits) are difficult to reverse. Alternatively, 3-6 months of resistance training may not be sufficient to observe significant changes.
In conclusion, we found that central BP was significantly reduced following 20 weeks of resistance training in healthy older adults. These changes occurred independently of heart rate, arterial stiffness or body mass, and may have been related to a reduction in peripheral vascular resis- 
